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ABSTRACT : PURPOSE: To control elongation percentage highly accurately and excellent in 

responsiveness by controlling a peripheral speed of one bridle roll by a 1st speed control 
means and controlling a peripheral speed of the other bridle roll by outputs of a speed 
setter and an elongation percentage setter. 

CONSTITUTION: A deviation of a tension imposing on a rolled stock 1 being between a 
rolling mill 2 and a bridle roll 6 and being detected by a tension detector 29 from a 
reference value is calculated by an adder 27. A peripheral speed correction amount of a 
rolling roll is found by a tension controller 26 so that the above deviation is brought to be 
zero. The sum of the correction amount and a speed reference value calculated by a 
rolling mill speed reference computing element 25 is found by an adder 24 and the sum is 
used as a corrected speed reference value. A rolling mill 2 is controlled by a speed 
controller 1 2 based on the reference value through a motor 7. A deviation of a tension 
imposing on the stock 1 being between a bridle roll 5 and the mill 2 and being detected by 
a tension detector 28 from the reference value is calculated by an adder 32 and a draft 
correction amount bringing the draft correction amount to be zero is found by a tension 
controller 31 to control a roll gap by a draft controller 17. 
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Claims 

An elongation rate control device of a roller, characterized by the fact that in a rolling 
facility equipped with a roller, a rolling roll driving electric motor for driving rolling rolls of the 
roller, a rolling material which is installed at the inlet and the outlet of the above-mentioned 
roller and which is rolled by the above-mentioned roller, bridle rolls for transporting the rolling 
material rolled by the above-mentioned roller, a bridle roll driving electric motor for driving each 
of these bridle rolls, and a draft device for adjusting the roll gap of the above-mentioned rolling 
rolls, it is equipped with a speed setter that sets the peripheral velocity of one bridle roll of the 
bridle rolls installed at the inlet and the outlet of the above-mentioned roller, a first speed control 


* [Numbers in the right margin indicate pagination of the original language text.] 


means that controls the peripheral velocity of the above-mentioned one bridle roll via the bridle 
roll driving electric motor for driving the above-mentioned one bridle roll based on the output of 
the speed setter, a rolling roll speed control means that controls the peripheral velocity of the 
above-mentioned rolling rolls via the above-mentioned rolling roll driving electric motor based 
on the detected value of the tension exerted on the rolling material between the above-mentioned 
rolling rolls and the above-mentioned one bridle roll, a reference value of the tension, and the 
output of the above-mentioned speed setter so that the deviation of the detected value between 
the above-mentioned tension and the reference value may be zero, an elongation rate setter that 
sets the elongation rate of the above-mentioned roller, a second speed control means that controls 
the peripheral velocity of the above-mentioned other bridle roll via the bridle roll driving electric 
motor for driving the other bridle roll of the bridle rolls installed at the inlet and the outlet of the 
above-mentioned roller, and a draft control means that controls the roll gap of the 
above-mentioned rolling rolls via the above-mentioned draft device based on the detected value 
of the tension exerted on the rolling material between the above-mentioned other bridle roll and 
the above-mentioned rolling rolls and a reference value of the tension so that the deviation may 
be zero. 

Detailed explanation of the invention 
Objective of the invention 
Industrial application field 

The present invention pertains to an elongation rate control device of a roller, which 
controls the elongation rate of the roller to a prescribed value. 

Prior art 

Figure 2 is a block showing a conventional elongation rate control device of a roller. In 
Figure 2, a rolling material 1 is wound on a payoff reel 3, passed through a bridle roll 5 installed 
at the inlet of a roller 2, and rolled at a prescribed rolling rate by the roller 2. Then, the rolling 
material is wound on a tension reel 4 through a bridle roll 6 installed at the outlet of the roller 2. 
At that time, the peripheral velocity of the rolling rolls of the roller 2 is controlled to a prescribed 
rolling speed via an electric motor 7 by a speed controller 12. On the other hand, the payoff reel 
3 is driven by an electric motor 8. The torque generated by the electric motor 8 is controlled by a 
current controller 13 so that the winding tension of the payoff reel 3, that is, the tension exerted 
on the rolling material between the payoff reel 3 and the bridle roll 5 may be a prescribed value. 
Then, the tension reel 4 is driven by the electric motor 9, and the torque generated by the electric 
motor 9 is controlled by the current controller 14 so that the winding tension of the tension reel 
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4, that is, the tension exerted on the rolling material between the bridle roll 6 and the tension reel 
4 may be a prescribed value. 

Also, the upper and lower rolls of the bridle roll 5 are respectively driven by electric 
motors 10a and 10b, and the torque generated by these electric motors 10a and 10b is controlled 
by current controllers 15a and 15b so that the tension exerted on the rolling material between the 
bridle roll 5 and the roller 2 may be a prescribed value. Similarly, the upper and lower rolls of 
the bridle roll 6 are respectively driven by electric motors 11a and 1 lb, and the torque generated 
by these electric motors 11a and 1 lb is controlled by current controllers 16a and 16b so that the 
tension exerted on the rolling material between the roller 2 and the bridle roll 6 may be a 
prescribed value. 

17 is a draft controller, operates the roll gap of the roller 2 in accordance with the control 
output signal from the elongation rate control device 20, and gives a prescribed elongation rate to 
the rolling material 1. Here, the elongation rate e is expressed by equation (1). 


In other words, the elongation rate e is attained by the material length L sent into the roller 2 and 
the material length I send out of the roller 2 for a unit time t. 

In Figure 2, a pulse oscillator 18 installed in the bridle roll 5 and a pulse oscillator 19 
installed in the bridle roll 6 are used in detecting L and £. Assuming that the bridle rolls and the 
rolling material do not slip and the peripheral velocity of the bridle rolls and the speed of the 
rolling material are equal, pulses generated from the pulse oscillators are counted as the 
rotational speed of the bridle rolls, so that the material length is detected. Therefore, the pulses 
generated from the pulse oscillators 18 and 19 for a fixed time are counted, converted into 
material length, and substituted for equation (1), so that the elongation rate e can be detected. 
The amount of roll gap correction of the roller 2 is calculated by the elongation controller 20 so 
that the detected elongation rate may be a target elongation rate, and the amount is output to the 
draft controller 17. 

Problems to be solved by the invention 

In the conventional elongation rate control device, a first problem is the detection 
precision of the elongation rate. In the example of Figure 2, the elongation rate is detected using 


E = (€ - L)/L 
L = V e t 
£ = V 0 t 

V e : Material speed at the inlet of the roller 
V c : Material speed at the outlet of the roller 


(1) 
(2) 
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the pulses generated from the pulse oscillators 18 and 19 installed in the bridle roll 5 and the 
bridle roll 6. The assumption is made that the peripheral velocity of the bridle rolls is equal to the 
inlet-side or output-side material speed of the roller 2. 

This assumption has a condition that no change occurs in the tension between the bridle 
roll 5 and the roller and between the roller and the bridle roll 6. 

In other words, if the peripheral velocity of the bridle roll 5 and the inlet-side material /3 
speed of the roller 2 are equal, the amount of elastic deformation of the rolling material between 
them is invariable, and no tension change appears. Also, if the peripheral velocity of the bridle 
roll 6 and the outlet-side material speed of the roller 2 are equal, the tension between the roller 2 
and the bridle roll 6 is not changed. On the contrary, in a state in which the inlet and outlet-side 
tension of the roller 2 is changed, it can be said that the peripheral velocity of the bridle roll 5 or 
bridle roll 6 is not equal to the material speed. 

There are various causes for change of tension between the bridle roll 5 and the roller 2 
and between the roller 2 and the bridle roll 6, however in an actual rolling, a large tension change 
appears when the roller 2 is accelerated and decelerated. One of the causes for the tension change 
during the acceleration and deceleration is an inappropriateness of the amount of force for 
compensating the acceleration and deceleration torque portion of the payoff reel 3, bridle rolls 5 
and 6, and tension reel 4. 

As mentioned above, in the electric motors for driving the bridle rolls 5 and 6, since the 
torque generated is controlled by current controllers, the change of the winding tension of the 
payoff reel 3 or the winding tension of the tension reel 4 also appears as a tension change of the 
rolling material between the bridle roll 5 and the roller 2 or between the roller 2 and the bridle 
roll 6. When such a tension change is generated, the correct elongation rate cannot be detected, 
and if such an elongation is used as a feedback signal for elongation rate control, an erroneous 
control results. 

A second problem is the control response of the elongation rate control. The target 
elongation rate is usually about 1%, and the elongation rate control precision is required to be 
about 0.2%. Therefore, in achieving the control precision, the detection precision of the 
elongation rate is required to be about ± 0.02%. 

If the number of pulses of the pulse oscillators used in the detection of the elongation rate 
is 600 pulses/rotation, in order to secure a detection precision of ± 0.02%, the number n of 
rotations required for the bridle rolls is n = 5000/600 = 8.33 rotations. Also, if the roll diameter 
of the bridle rolls is 600 mm, the material length t corresponding to 8.33 rotations is I = n x 0.6 
x 8.33 = 15.7 (m). In other words, the elongation rate is detected for a material length of 15.7 m, 
and the control is impossible for less than 15.7 m. Though the uncontrollable part can be 
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decreased by increasing the number of pulses of the pulse oscillators, etc., there is a limitation, 
and an uncontrollable part cannot be eliminated. 

The present invention considers the above-mentioned problems, and its objective is to 
provide an elongation rate control device of a roller, which controls the elongation rate with high 
precision and with excellent responsivity. 

Constitution of the invention 
Means to solve the problems 

The elongation rate control device of a roller of the present invention is characterized by 
the fact that in a rolling facility equipped with a roller, a rolling roll driving electric motor for 
driving rolling rolls of the roller, a rolling material which is installed at the inlet and the outlet of 
the above-mentioned roller and is rolled by the above-mentioned roller, bridle rolls for 
transporting the rolling material rolled by the above-mentioned roller, a bridle roll driving 
electric motor for driving each of these bridle rolls, and a draft device for adjusting the roll gap 
of the above-mentioned rolling rolls, it is equipped with a speed setter that sets the peripheral 
velocity of one bridle roll of the bridle rolls installed at the inlet and the outlet of the 
above-mentioned roller, a first speed control means that controls the peripheral velocity of the 
above-mentioned one bridle roll via the bridle roll driving electric motor for driving the 
above-mentioned one bridle roll based on the output of the speed setter, a rolling roll speed 
control means that controls the peripheral velocity of the above-mentioned rolling rolls via the 
above-mentioned rolling roll driving electric motor based on the detected value of the tension 
exerted on the rolling material between the above-mentioned rolling rolls and the 
above-mentioned one bridle roll, a reference value of the tension, and the output of the 
above-mentioned speed setter so that the deviation between the detected value of the 
above-mentioned tension and the reference value may be zero, an elongation rate setter that sets 
the elongation rate of the above-mentioned roller, a second speed control means that controls the 
peripheral velocity of the above-mentioned other bridle roll via the bridle roll driving electric 
motor for driving the other bridle roll of the bridle rolls installed at the inlet and the outlet of the 
above-mentioned roller, and a draft control means that controls the roll gap of the 

above-mentioned rolling rolls via the above-mentioned draft device based on the detected value /4 
of the tension exerted on the rolling material between the above-mentioned other bridle roll and 
the above-mentioned rolling rolls and the reference value of the tension so that a deviation may 
be zero. 
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Operation 

In the elongation rate control device of the roller of the present invention with such a 
constitution, the peripheral velocity of one bridle roll of the bridle rolls installed at the inlet and 
the outlet of the roller is set by the speed setter. Based on the output of the speed setter, the 
peripheral velocity of one bridle roll is controlled by the first speed control means via the bridle 
roll driving electric motor for driving one bridle roll. Then, based on the output of the speed 
setter and the output of the elongation rate setter, the peripheral velocity of the other bridle roll is 
controlled by the second speed control means via the bridle roll driving electric motor for driving 
the other bridle roll. 

On the other hand, based on the detected value of the tension exerted on the rolling 
material between the rolling rolls and the above-mentioned one bridle roll, the reference value of 
the tension, and the output of the speed setter, the peripheral velocity of the rolling rolls is 
controlled by the rolling roll speed control means via the rolling roll driving electric motor so 
that the deviation between the detected value of the tension and the reference value may be zero. 
Also, based on the detected value of the tension exerted on the rolling material between the 
above-mentioned other bridle roll and the rolling rolls and the reference value of the tension, the 
roll gap of the rolling rolls is controlled by the draft control means via the draft device so that the 
deviation may be zero. 

Thus, the change of tension exerted on the rolling material between the bridle roll 
installed at the inlet of the roller and the rolling rolls and tension exerted on the rolling material 
between the rolling rolls and the bridle roll installed at the outlet of the roller disappears. In other 
words, the material speed V e of the rolling material being sent into the roller is equal to the 
peripheral speed of the bridle roll installed at the inlet of the roller, and the material speed V 0 of 
the rolling material being sent out of the roller is equal to the peripheral velocity of the bridle roll 
installed at the outlet of the roller. On the other hand, if equation (1) is substituted with equation 
(2), the elongation rate 8 is as follows. 

e = Vo/V e -l (3) 

Thus, the elongation rate is a function of the ratio of the peripheral speed of each bridle 
roll installed at the inlet and the outlet of the roller. Therefore, the peripheral velocity of one 
bridle roll is controlled by the first speed control means so that it may be the peripheral speed set 
by the speed setter, and the peripheral velocity of the above-mentioned other bridle roll is 
controlled based on the output of the speed setter and the elongation rate setter by the second 
speed control means so that the elongation rate of the roller may be the elongation rate set by the 
elongation rate setter. 

Thus, according to the present invention, the elongation rate can be controlled with high 
precision and excellent responsivity. 
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Application example 

Figure 1 is a block diagram showing the constitution of an application example of the 
elongation rate control device of a roller of the present invention. In Figure 1, since the names 
and the functions given with 1-17 are the same as those given with the same numerals of Figure 
2, their explanation is omitted. The elongation rate control device of the application example 
shown in Figure 1 is equipped with speed control means 21 and 22, rolling roll speed control 
means 23, draft control means 30, speed setter 35, and elongation rate setter 40. The peripheral 
velocity V G of the bridle roll 6 being installed at the outlet of the roller 2 is set by the speed setter 
35, and the elongation rate of the roller 2 is set by the elongation rate setter 40. Also, the speed 
control means 21 is equipped with speed control devices 21a and 21b and a speed reference 
calculator 21c, and the speed control means 22 is equipped with speed control devices 22a and 
22b. Based on the output V D of the speed setter 35, the rotational speed of the upper roll and the 
lower roll of the bridle roll 6 is controlled via the electric motors 11a and 1 lb by the speed 
control devices 22a and 22b so that the peripheral speed of the bridle roll 6 at the outlet of the 
roller 2 may be the peripheral velocity V 0 set by the speed setter 35. 

On the other hand, the rolling roll speed control means 23 is equipped with speed control 
device 12, adders 24 and 27, roller speed reference calculator 25, and tension controller 26. 15 
Based on the output (V D ) of the speed setter 35, the speed reference V R of the roller 2 is 
calculated by the roller speed reference calculator 25 according to equation (4). 

V R = V 0 /(l+f) (4) 
Where, f shows the tip advance rate in the roller 2 and can be predicted using a well-known 
theoretical rolling equation. A value obtained from experience can also be used. 

Then, the deviation of the tension exerted on the rolling material 1 between the rolling 
material [sic; roller] 2 and the bridle roll 6 detected by the tension detector 29 and the reference 
value T3,ref is calculated by the adder 27, and based on the deviation, the amount of peripheral 
velocity correction of the rolling rolls of the roller 2 for deviation of zero is attained by the 
tension controller 26. The sum of the amount of peripheral velocity correction of the rolling rolls 
attained by the tension controller 26 and the speed reference Vr calculated by the roller speed 
reference calculator 25 is attained by the adder 24, and the sum is assumed as a corrected speed 
reference value of the peripheral speed of the roller 2. Based on the corrected speed reference 
value, the peripheral velocity of the rolling rolls of the roller 2 is controlled via the electric motor 
7 by the speed controller 12 to match the corrected speed reference value. 

Also, the draft control means 30 is equipped with the draft controller 17, tension 
controller 31, and adder 32. The deviation of the tension exerted on the rolling material 1 
between the bridle roll 5 and the roller 2 detected by the tension detector 28 and its reference 
value T 2 ,ref is calculated by the adder 32, and based on the deviation, the amount of draft 
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correction of the roller 2 for deviation of zero is attained by the tension controller 31. Based on 
the amount of draft correction attained, the roll gap of the rolling rolls of the roller 2 is controlled 
by the draft controller 17. Thus, the change of tension exerted on the rolling material 1 between 
the bridle roll 5 and the roller 2 and the tension exerted on the rolling material 1 between the 
roller 2 and the bridle roll 6 disappears, so that the material speed of the rolling material 1 being 
sent into the roller 2 is equal to the peripheral velocity of the bridle roll 5 and the material speed 
of the rolling material 1 being sent out of the roller 2 is equal to the peripheral velocity of the 
bridle roll 6. At that time, based on the output V D of the speed setter 35 and the output e of the 
elongation rate setter 40, the reference value V e of the peripheral velocity of the bridle roll 5 is 
calculated by the speed reference calculator 21c using equation (5). 

V e =V 0 /(l+e) (5) 
Then, based on the calculated reference value V e , the rotational speed of the upper roll 
and the lower roll of the bridle roll 5 is controlled via the electric motors 10a and 10b by the 
speed controllers 21a and 21b so that the peripheral velocity of the bridle roll 5 may be the 
reference value V e . 

Thus, according to this application example, the inlet and outlet-side tensions of the roller 
2 are always held at target values, and the elongation rate can be controlled to a prescribed value 
by appropriately controlling the peripheral velocity of the inlet-side bridle roll 5 and the 
outlet-side bridle roll 6. Thereby, the elongation rate can be controlled with high precision and 
excellent responsivity. 

In the application example of Figure 1, the peripheral velocity of the outlet-side bridle 
roll is assumed as the reference speed; however needless to say, a method that assumes the 
peripheral velocity of the inlet-side bridle roll 5 as a reference speed and determines the speed 
reference of the outlet-side bridle roll 6 from the target elongation rate s is also included in the 
present invention. 

In the application example of Figure 1, a one unit roller is used; however the present 
invention can also be applied to a tandem rolling using several rollers. In other words, as a 
method for applying the speed reference of the inlet and outlet-side bridle rolls, similarly to the 
application example of Figure 1, the inlet-side tension of each stand is controlled to a target 
tension by operating the draft of said stand, and the outlet-side tension of the final stand may be 
controlled to a target tension by operating the peripheral velocity of the final stand or the 
outlet-side bridle rolls. 

Effect of the invention 

According to the present invention, the inlet and outlet-side tensions of the roller are 
always held at target values, and the peripheral velocity of the inlet-side bridle roll and the 


outlet-side bridle roll is appropriately controlled, so that the elongation rate can be controlled to a 
prescribed value. Thereby, the elongation rate can be controlled with high precision and 
excellent responsivity. 

Brief description of the figures 

Figure 1 is a block diagram showing the constitution of an application example of the 
elongation rate control device of a roller of the present invention. Figure 2 is a block diagram 
showing a conventional elongation rate control device. 
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